The use of epigenetic differences between maternal whole blood and fetal (placental) DNA is one of the main areas of interest for the development of noninvasive prenatal diagnosis of aneuploidies. However, the lack of detailed chromosome-wide identification of differentially methylated sites has limited the application of this approach. In this study, we describe an analysis of chromosome-wide methylation status using methylation DNA immunoprecipitation coupled with high-resolution tiling oligonucleotide array analysis specific for chromosomes 21, 18, 13, X, and Y using female whole blood and placental DNA. We identified more than 2000 regions of differential methylation between female whole blood and placental DNA on each of the chromosomes tested. A subset of the differentially methylated regions identified was validated by real-time quantitative polymerase chain reaction. Additionally, correlation of these regions with CpG islands , genes , and promoter regions was investigated. Between 56 to 83% of the regions were located within nongenic regions whereas only 1 to 11% of the regions overlapped with CpG islands; of these , up to 65% were found in promoter regions. In summary , we identified a large number of previously unreported fetal epigenetic molecular markers that have the potential to be developed Prenatal diagnosis is currently performed using conventional cytogenetic or DNA analysis, which require fetal genetic material to be obtained by amniocentesis, chorionic villus sampling, or chordocentesis. However, these are invasive procedures and are associated with a significant risk of fetal loss (0.5 to 1% for chorionic villus sampling and amniocentesis).
The use of epigenetic differences between maternal whole blood and fetal (placental) DNA is one of the main areas of interest for the development of noninvasive prenatal diagnosis of aneuploidies. However, the lack of detailed chromosome-wide identification of differentially methylated sites has limited the application of this approach. In this study, we describe an analysis of chromosome-wide methylation status using methylation DNA immunoprecipitation coupled with high-resolution tiling oligonucleotide array analysis specific for chromosomes 21, 18, 13, X, and Y using female whole blood and placental DNA. We identified more than 2000 regions of differential methylation between female whole blood and placental DNA on each of the chromosomes tested. A subset of the differentially methylated regions identified was validated by real-time quantitative polymerase chain reaction. Additionally, correlation of these regions with CpG islands , genes , and promoter regions was investigated. Between 56 to 83% of the regions were located within nongenic regions whereas only 1 to 11% of the regions overlapped with CpG islands; of these , up to 65% were found in promoter regions. In summary , we identified a large number of previously unreported fetal epigenetic molecular markers that have the potential to be developed Prenatal diagnosis is currently performed using conventional cytogenetic or DNA analysis, which require fetal genetic material to be obtained by amniocentesis, chorionic villus sampling, or chordocentesis. However, these are invasive procedures and are associated with a significant risk of fetal loss (0.5 to 1% for chorionic villus sampling and amniocentesis). 1 For this reason, there is an urgent need for the development of diagnostic procedures that do not put the fetus at risk (commonly termed noninvasive prenatal diagnosis).
The discovery of free fetal DNA (ffDNA) in the maternal circulation during pregnancy 2 has become a focus for alternative approaches toward the development of noninvasive prenatal tests. ffDNA has been successfully used for the determination of fetal sex and fetal RhD status in maternal plasma. 3, 4 Nevertheless, direct analysis of the limited amount of ffDNA (3 to 6%) 5 in the presence of excess of maternal DNA is a great chal-lenge for the development of noninvasive testing for fetal aneuploidies.
Recent advances in this field have shown that physical and molecular characteristics of the ffDNA can be used for its discrimination from circulating maternal DNA or as a means of fetal DNA enrichment. 6, 7 One of the most interesting developments has been the size-fractionation of plasma DNA to enrich for fetal DNA because fetal DNA is generally shorter in length than maternal DNA 6 in the circulation. Furthermore, additional studies were conducted based on evidence that the ffDNA in maternal plasma is of placental origin. 8, 9 Thus epigenetic differences between maternal whole blood and placental DNA 7 were used to detect hypomethylated maspin (SER-PINB5) gene sequences in maternal plasma derived from the fetus (the SERPINB5 gene is known to be hypomethylated in placenta and hypermethylated in whole blood). 10 Subsequently, a small number of additional differential fetal epigenetic molecular markers have been described including the RASSF1A gene on chromosome 3 11 as well as markers on chromosome 21.
12,13
Although these studies have clearly demonstrated that epigenetic differences between fetal DNA (placental DNA obtained from chorionic villus sampling) and maternal whole blood DNA may serve as potential fetal molecular markers for noninvasive prenatal diagnosis, only a limited number of genomic regions have been identified or tested so far. A number of studies have focused on single gene promoter regions 10, 11 whereas others have investigated CpG islands on chromosome 21, 12,13 which however cover only a small fraction of the chromosome. 14 Current methods developed using ffDNA for noninvasive prenatal diagnosis are subject to a number of limitations. The two main methods being investigated are the use of methylation-sensitive restriction enzymes to remove hypomethylated maternal DNA thus allowing direct polymerase chain reaction (PCR) analysis of ffDNA and the use of sodium bisulfite conversion to allow the discrimination of differential methylation between maternal and fetal DNA. The requirement for regions of differentially methylated DNA containing a restriction site for recognition by methylation-sensitive restriction enzymes 12 limits the number of regions suitable for testing. On the other hand, the use of sodium bisulfite conversion followed by methylation-specific PCR or methylation sensitive single nucleotide primer extension and/or bisulfite sequencing, 10 -13 has two main problems. Firstly, the accurate analysis of the methylation status after bisulfite conversion depends on the complete conversion of unmethylated cytosines to uracils, a condition rarely achieved. Secondly, the degradation of DNA obtained after bisulfite treatment 15 complicates even further the testing and quantification of extremely low amounts of fetal DNA.
To overcome the above limitations, we have coupled a newly developed technique, methylated DNA immunoprecipitation (MeDiP) 16 with high-resolution tiling oligonucleotide array analysis to enable chromosome-wide identification of DNA methylation patterns in a highthroughput approach. We have analyzed extensively the methylation patterns of chromosomes 13, 18, 21, X, and Y in female whole blood and placental DNA (the placental tissue was chosen for testing based on the fact that the source of ffDNA in maternal plasma is placenta 8, 9 ) Here we describe the identification of differentially methylated regions as potential molecular targets for noninvasive prenatal diagnosis as well as the development of specific fetal epigenetic molecular markers for the diagnosis of the most common aneuploidies 1 such as the trisomy 13, 18, and 21 (associated with the Patau, Edwards, and Down (DS[MIM190685]) syndromes, respectively) (http://www.ncbi.nlm.nih.gov/Omim/) as well as sex chromosome abnormalities (such as the XXY-Klinefelter, XYY, XXX, and X-Turner syndromes).
Materials and Methods

Human Samples
The samples used in this study were obtained from AMS Biotechnology (Europe) Ltd. (Oxon, UK). These samples, originally sourced from the Biochain Institute (Hayward, CA), were subject to consent using ethical internal review board-approved protocols. In total, five female normal whole blood samples and five normal placental DNA samples were used in this study. Three of the placental DNA samples were obtained from first trimester pregnancies of which one derived from a female fetus pregnancy and two from male fetus pregnancies. The remaining two placental DNA samples were derived from third trimester pregnancies of which one of them was obtained from a female fetus pregnancy and the other one from a male fetus pregnancy.
MeDiP Assay Combined with LM-PCR Amplification
The MeDiP assay 16 was followed by ligation-mediated PCR (LM-PCR) 17, 18 as described but with additional modifications. Briefly, 2.5 g of DNA in a total volume of 100 l was initially sheared by sonication into fragments of ϳ300 bp to 1000 bp in size using the Virsonic300 sonicator (Virtis, Gardiner, NY). The fragmented DNA was blunt-ended after combination with 1ϫ NEB buffer 2 (New England BioLabs, Ipswich, UK), 10ϫ bovine serum albumin (New England BioLabs), 100 mmol/L dNTP mix (GE Healthcare, Little Chalfont, UK), T4 DNA polymerase (3 U/l; New England BioLabs) and distilled water up to a final volume of 120 l. After 20 minutes of incubation at 12°C, the reaction was cleaned up using the DNA Clean and Concentrator-5 (Zymo Research Corp, Glasgow, UK) according to the manufacturer's protocol. However, the final elution step was performed in 30 l of EB buffer provided by the QiAquick PCR purification kit (Qiagen, West Sussex, UK). The cleaned sample was then mixed with 40 l of annealed linkers (50 mol/L) (Sigma Genosys, Gillingham, UK) prepared as previously described, 17, 18 T4 DNA ligase 10ϫ buffer (Roche, Mannheim, Germany), 6 l of T4 DNA ligase (5 U/l, Roche), and distilled water up to a final volume of 101 l. The sample was then incubated overnight at 16°C to allow ligation of the adaptors. Purification of the sample was performed using the DNA Clean and Concentrator-5 as described above. The eluted sample was then combined with 100 mmol/L dNTP mix (GE Healthcare), 1ϫ PCR gold buffer (Roche),1.5 mmol/L MgCl 2 (Roche), and 5 U AmpliTaq polymerase (Applied Biosystems, Foster City, CS). The sample was then incubated at 70°C for 10 minutes to fill in DNA overhangs and purified using the DNA Clean and Concentrator-5 as described above. Fifty ng of DNA was removed and retained for use as input genomic control DNA. The remaining ligated DNA sample (700 ng to 1.2 g) was subjected to MeDiP as described previously, after scaling down the reaction accordingly. 16 The immunoprecipitated DNA sample was then cleaned up using the DNA Clean and Concentrator-5 (using 700 l of binding buffer) according to the manufacturer's instructions.
Ligation-mediated PCR (LM-PCR) was performed using 10 ng of each input and immunoprecipitated DNA fraction using the Advantage-GC Genomic PCR kit (Clontech, Saint-Germain-en-Laye, France) The thermal cycling conditions applied were 95°C for 2 minutes, 20 cycles at (94°C for 30 seconds and 68°C for 3 minutes) and 68°C for 10 minutes. After PCR amplification, the reaction was purified using the QIAquick PCR purification kit (Qiagen) and eluted in 50 l of distilled water preheated to 50°C.
Array Hybridizations
The input and the immunoprecipitated DNA fractions from a female whole blood DNA sample, a third trimester placental DNA sample and a first trimester placental DNA sample (both placental samples were obtained from male fetus pregnancies) were sent to Roche NimbleGen Inc. (Reykjsvik, Iceland) for hybridization. The array platforms used were high-resolution tiling oligonucleotide arrays specific for chromosomes 13, 18, 21, X, and Y with a median probe spacing of 225 bp for chromosome 13, 170 bp for chromosome 18, 70 bp for chromosome 21, 340 bp for chromosome X, and 20 bp for chromosome Y. Briefly, the input genomic control DNA and the immunoprecipitated DNA of each sample were differentially labeled with fluorescent dyes (Cy3, Cy5) and were then co-hybridized on the oligonucleotide arrays. The raw data can be accessed in ArrayExpress (http://www.ebi.ac.uk/microarrayas/ae/) with accession number E-TABM-507.
Data Analysis of the Tiling Oligonucleotide Arrays
To calculate the relative methylation differences between placenta and whole blood, the oligonucleotide array normalized log 2 ratio values obtained from whole blood DNA (immunoprecipitated versus input fraction), were subtracted from the log 2 ratio values (immunoprecipitated versus input fraction) obtained from placental DNA using the R statistical computing environment (http://www. rproject.org). Positive differences represent relative hypermethylation in placental DNA, negative differences relative hypomethylation. General Feature Format files were then created for the subtracted log 2 ratio data and the results were viewed using the SignalMap viewer (NimbleGen System) together with genes, CpG islands, and CG content across chromosomes 13, 18, 21, X, and Y. Gene data were downloaded from the Ensembl genome browser (NCBI build36) (http://www.ensembl. org.) whereas the CpG islands and CG content were downloaded from the UCSC genome browser, (NCBI build36) (http://genome.ucsc.edu.). For the automated selection of regions with significant differential methylation enrichment between whole blood and placenta, we applied the Smith-Waterman dynamic programming algorithm adapted for Array-CGH (SW-ARRAY), which had previously been used for copy number variation calling. 19 This algorithm was used to identify segments or islands of consecutive oligonucleotides showing methylation enrichment or methylation depletion in placental DNA compared with whole blood DNA. Each of the oligonucleotide array data were analyzed by chromosome arm. Threshold values (t 0 ) for SW-ARRAY of between 0.2 and 1 were tested to identify the optimal value for calling relative high-score segments or islands based on the identification of at least two consecutive oligonucleotides having the same methylation status and showing the highest score among the scores obtained with different threshold values (t 0 ). A direct comparison between the differentially methylated regions identified by SW-ARRAY and the position of genes, promoter regions (which were defined as the region up to 2 kb upstream of the 5Ј end of each gene) and CpG islands was performed.
Although the above analysis identifies differentially methylated regions of the genome, for the use of MeDiP as an enrichment method before quantitative assays of copy number (ie, for the identification of trisomy 21 for example) for noninvasive prenatal diagnosis, it is important that selected targets were hypermethylated in the fetus. Thus, MeDiP would be used to deplete maternal hypomethylated DNA allowing assay of fetal hypermethylated DNA. Therefore, we identified all regions where the immunoprecipitated versus input ratios were positive in the placenta and negative in the whole blood samples (hypermethylation in the placenta). For other assay systems being investigated by others, hypomethylation of DNA in the placenta is required and so we also recorded all regions where the immunoprecipitated versus input ratios were negative in the placenta and positive in the whole blood samples. To achieve this, the oligonucleotide array normalized log 2 ratio values obtained from whole blood DNA (immunoprecipitated versus input fraction), were subtracted from the log 2 ratio values (immunoprecipitated versus input fraction) obtained from placental DNA only where the sign of the ratios were different. A small number of the most differentially hypermethylated regions in the placenta (eight regions on chromosome 21 and one region on chromosome 18 plus the SERPINB5 promoter region) were selected from this data set for further validation and assay development by using an arbitrary differential ratio cut off of greater than 1.0 (at least one of the consecutive probes showing a log 2 ratio value Ͼ1).
Confirmation of Tiling Oligonucleotide Array Data by Real-Time Quantitative PCR
The methylation enrichment of the selected regions on chromosome 21 and chromosome 18 were confirmed by real-time quantitative PCR. For this purpose we used five female whole blood DNA samples and five placental DNA samples of both first and third trimester gestational age. Primers specific for the regions of interest were designed using the primer3 web site (http://frodo.wi.mit.edu/.). The primer design was optimized to give a product of 80 to 150 bp in length as recommended for optimal SYBR Green fluorescence melting curve analysis. Additionally, the Tm of all of the primers was chosen to be close to 60°C. The uniqueness of both primer sequences and PCR product sequences was confirmed by mapping these onto the human reference sequence using Blat. Primers were purchased from Sigma Genosys.
Each quantitative PCR reaction was performed in a final volume of 25 l with 20 ng of either immunoprecipitated methylated DNA or input genomic DNA. We used the SYBR Green PCR master mix (Eurogentec, Seraing, Belgium) and an ABI Prism 7900HT sequence detection system (Applied Biosystems, Foster City, CS). Initially the optimal concentration of each primer was selected after testing a series of dilutions (150 to 900 nmol/L) using normal genomic DNA. For each selected primer concentration, standard curves were calculated on 1:2 serial dilutions (200 ng down to 3.125 ng) and finally, the sample reactions were performed in triplicate. The amplification program consisted of 2 minutes at 50°C and 10 minutes at 95°C, followed by 40 cycles of denaturation for 15 seconds at 95°C and annealing/extension for 1 minute at 60°C. After amplification, melting curve analysis was performed by heating the reaction mixture from 60 to 95°C at a rate of 0.2°C/second. Amplification reactions were routinely checked for nonspecific products by agarose gel electrophoresis. To evaluate the enrichment of target sequences after MeDiP, we calculated the ratios of the calculated cycle difference (⌬Ct) between the test DNA (immunoprecipitated or input DNA) (Ct test ) and an untreated normal genomic DNA (Ct control ) (⌬Ct ϭ Ct control Ϫ Ct test ) in the immunoprecipitated DNA versus input genomic DNA. In addition, to evaluate the methylation enrichment of placental samples compared with whole blood we calculated the ratio of placental immunoprecipitated DNA versus whole blood immunoprecipitated DNA. Moreover, control regions with similar DNA methylation status in whole blood and placental DNA samples as indicated by our oligonucleotide array results were used in every run to test for possible MeDiP or PCR amplification bias. The median variability and median reproducibility of methylation enrichment between individuals or between technical replicate experiments was obtained by calculating the average value of all of the ratio values of the different samples tested or of the technical replicates of a specific region (average IP/INPUT) and then each ratio value was divided by the average ratio value to obtain the reproducibility of each test and expressed as a percentage 
Results
Selection of Differentially Methylated Marker Candidates
The normalized oligonucleotide array log 2 ratio values obtained for chromosomes 13, 18, 21, X, and Y in both placenta and whole blood DNA samples were initially used to calculate the ratio difference (relative methylation) between placental and whole blood DNA. We used SW-ARRAY to identify differentially methylated regions between whole blood and placenta. The optimal SW-ARRAY threshold for the identification of regions was found to be 0.9 for all chromosomes. The differentially methylated regions identified by SW-ARRAY analysis in first and third trimester compared with whole blood DNA are shown in Supplemental Tables 1 to 5 respectively for  chromosomes 13, 18, 21, X, and Y (see Supplemental  Tables 1 to 5 at http://ajp.amjpathol.org). We found that the number of regions identified to be hypermethylated was approximately equal to the number of regions being hypomethylated in all five chromosomes tested (Table 1) . Additionally the total number of differentially methylated regions is comparable in first and third trimester placentas (Table 1) . A direct correlation of the identified loci with the position of genes, promoter regions as well as the position of CpG islands is shown in Supplemental Tables 1 to 5 (http://ajp.amjpathol.org).
The 17.5 to 43.6% of the identified regions were located within genes and their methylation status varied between chromosomes as well as between trimesters (Table 2 ). For chromosomes 13 and Y, the majority of the differentially methylated regions (located within genes) are hypomethylated in first trimester placenta but the majority became hypermethylated in third trimester placentas. In chromosomes 21 and X, most of the regions were hypomethylated in both first and third trimester placentas whereas in chromosome 18 equal numbers of regions were found to be hypermethylated and hypomethylated (Table 2) . Additionally, a small percentage (1.6 to 11.0%) of the identified regions (both genic and nongenic regions) were overlapping with CpG islands (Table  3 ). The majority of the CpG islands identified to be differentially methylated were located within genes (including the appropriate promoter sites defined as the regions up to 2 kb upstream the 5Ј end of each gene) with a significant number of these (up to 65.5%) located specifically within promoter regions. The methylation status of these regions in each chromosome and in first and third trimester placentas is shown in Table 4 .
Validation of the Tiling Oligonucleotide Array Results
To validate the array analysis, we first analyzed the methylation status of a previously investigated region by realtime quantitative PCR. We found that the SERPINB5 promoter region was hypomethylated in placenta and hypermethylated in whole blood, which is in agreement with the study of Chim and colleagues. 10 To further validate the methylation differences identified by high-resolution array analysis, an additional nine selected regions, including the SERPINB5 promoter region 10 (Table 5) , were analyzed by real-time quantitative PCR. Various primers were designed to cover each region. Each primer was tested before use and the optimal concentration for each one was determined ( Table 6) .
As an example, the oligonucleotide array results for a region located on chromosome 21 ( Figure 1 ) can be compared with the real-time quantitative PCR results as shown in Figure 2 . The same whole blood and placental DNA samples were used for PCR validation as had been used for oligonucleotide array hybridizations. Both methods reported enrichment for methylation in placenta compared with whole blood. Additionally, both oligonucleotide array and real-time quantitative PCR demonstrated a lower degree of methylation enrichment in first trimester placental DNA sample compared with third trimester placental DNA sample. Nevertheless, the methylation enrichment observed in the first trimester placenta was higher compared with the methylation enrichment obtained from the whole blood DNA sample. We found concordance of differential methylation for all nine selected regions as well as the SERPINB5 promoter region between array analysis and quantitative PCR. However, the relative fold enrichment obtained using real-time quantitative PCR was generally found to be greater than the enrichment obtained by oligonucleotide array analysis.
Evaluation of MeDiP-LMPCR Efficiency
The experimental reproducibility of the MeDiP procedure was assessed by performing technical replicates of a single placental DNA sample with the methylation status of two regions on chromosome 21 being assessed by real-time quantitative PCR. The median reproducibility was found to be 98.62% and 95.84% for the regions shown in Supplemental Figure 1 , A and B, respectively (http://ajp.amjpathol.org).
Evaluating the Methylation Status of Selected Regions in Different Individuals
To assess the normal variability in methylation status between individuals, we applied the real-time quantitative PCR assay for the nine selected regions to five different whole blood and three different first trimester placentas. The methylation status of two third trimester placentas was tested in only four of the selected regions. Further investigation of interindividual variability of third trimester placentas was not necessary in this study in which we preferably tested first trimester placentas as their gestational age is the most appropriate for the development of noninvasive prenatal diagnosis. The results of the CHR21(B4) region are shown in Figure 3 . All five whole blood samples were found to be hypomethylated compared with the five placental DNA with a variability of DNA methylation enrichment between individuals as shown in Table 7 . Less methylation enrichment was observed in first trimester placentas compared with third trimester placentas confirming the oligonucleotide array results (Figure 3) . A lower level of variability was also observed between different placentas of the same gestational age ( Table 7) .
The majority of the regions tested so far by real-time quantitative PCR showed methylation variability between placental DNA samples of different gestational ages (Table 7). However, not all of the regions demonstrated this effect. One example is a region located on chromosome 18 [CHR18(A)] shown in Table 7 and Supplemental Table  6 (view Supplemental Table 6 at http://ajp.amjpathol.org).
Only minor differences of the methylation level between first and third trimester placentas were found for this region. Additionally, we identified regions with opposite DNA methylation status between first and third trimester placentas as well as other regions showing differential methylation (examples shown in Table 8 ).
Differentially Methylated Control Regions
To assess MeDiP efficiency in all experiments, we selected two hypermethylated and two hypomethylated regions that showed a similar degree of differential methylation from the array experiments for use as controls ( Table 9 ). The methylation status of these regions was assessed by real-time quantitative PCR in multiple samples of whole blood and placenta. The results for a region on chromosome 13, which was expected to be hypermethylated in both whole blood and placental DNA samples, are shown in Figure 4 . The same DNA samples were used for testing all of the control primers. The median 
Discussion
We have demonstrated in this study that the application of MeDiP followed by high-resolution tiling oligonucleotide array analysis enables the identification of differentially methylated DNA sequences between whole blood and placenta. The high sensitivity and specificity of the methodology allowed us to select previously unreported candidate fetal epigenetic molecular markers located on chromosomes 13, 18, 21, X, and Y (see Supplementary  Tables 1 to 5 , respectively, at http://ajp.amjpathol.org) Furthermore, MeDiP allowed us to enrich directly regions, which were shown to be hypermethylated in placental DNA compared with whole blood. Thus by using the unbound fraction of DNA eluted after immunoprecipitation it would be possible to enrich for differentially hypomethylated fetal regions. Looking ahead, the epigenetic differences between fetal and maternal DNA identified in this study will facilitate their discrimination within the plasma sample. More importantly, the high sensitivity and specificity of this methodology will facilitate the enrichment of fetal DNA within maternal plasma and therefore the technical challenges that are involved in the development of noninvasive prenatal diagnosis of aneuploidies will be minimized. Such epigenetic markers will be used for noninvasive prenatal diagnosis using either SNP allele-specific ratio or by direct comparison with a fetal-specific methylation marker on a reference chromo- some. Furthermore, the application of the MeDiP methodology has overcome the limitations of current methylation-based methods developed for noninvasive prenatal diagnosis such as the use of methylation-sensitive restriction enzymes or bisulfite conversion methodologies. 8 -11 However, these methods will remain important for further validation of the targets identified in this study.
In addition to the current approaches toward noninvasive prenatal diagnosis of aneuploidies, a new methodology has been described recently by two groups. 20, 21 Their approach is based on the application of next generation sequencing performed using the Solexa/Illumina platform. By direct sequencing of maternal free DNA they were able to show a small increase in read depth across chromosome 21 in aneuploid pregnancies. Although this methodology looks promising, it is a technologically demanding approach, which is not easily adapted for high- An important feature of our study is the use of highresolution, chromosome-wide analysis of differential DNA methylation. To perform the initial wide chromosome screen of the chromosomes of interest (chromosomes 13, 18, 21, X, and Y), we used a female whole blood and two placental samples of different gestational age. The chromosome-wide screening has revealed regions showing differential methylation between female whole blood and placental samples. Real-time quantitative PCR was then applied to confirm the existence of differential methylation by using multiple MeDiP products of the same sample. By this way we were able to exclude any experimental variability. We then tested the methylation status of selected regions in multiple samples and we were able to confirm that the differential methylation of those regions between whole blood and placenta was a true biological event and not an artifact caused by any experimental or handling variability. The effectiveness of the MeDiP methodology in identifying true biological events has also been demonstrated by a recent study in which a high correlation of the results was found when using MeDiP and bisulfite sequencing methodologies. 22 In total, we selected eight of the candidate fetal epigenetic molecular markers identified on chromosome 21 and one on chromosome 18 for validation and further investigation. All regions were hypermethylated in placental DNA samples and were selected based on the presence of an opposite methylation status when compared with whole blood.
Application of the MeDiP approach has enabled us to identify differentially methylated regions in addition to those found at CpG islands, gene promoter regions, or restriction enzyme recognition sites as previously reported. 10 -13 Additionally, although a recent study has described DNA methylation profiles in a genome-wide and tissue-specific manner, the analysis has concentrated only on genic regions and CpG islands. 22 Unfortunately, because of the different resolution of the array platforms used in this recent study and described here and the alternative analysis approaches used, direct comparison of the methylation status between the studies has not been successful.
Moreover, it is of great interest to note that most of the differentially methylated regions identified are located within nongenic regions (Table 2) . Furthermore, the majority of the identified differentially methylated regions between placenta and whole blood are located within low CpG density regions and nonpromoter regions.
In this study, we have detailed a large number of previously unreported fetal epigenetic regions, which have the potential to be developed into molecular markers for noninvasive prenatal diagnosis. Additionally, we have demonstrated how the use of the 5-methylcytidine antibody combined with the high sensitivity and specificity of immunoprecipitation allow the enrichment of hypermethylated fetal DNA and, potentially for the enrichment of hypomethylated fetal DNA for use in noninvasive prenatal testing. The molecular markers we have described will be of great use to groups developing various methods for noninvasive prenatal diagnosis of fetal aneuploidy based on methylation differences.
